A zoo's aviaries were surveyed for the presence of H. capsulatum and C. neoformans. Dried feces samples were collected in the 14 aviaries and tested for C, fleo[ofmans by using direct Cultural methods. This pathogen was isolated from an indoor aviary housing one White-breasted Toucan, and from another indoor aviary housing ±wo Concave-casqued Hornbills. Soil samples were collected in 12 outdoor aviaries and two other areas of the zoo premises and tested for H. capsulatum and C. neo[ovma~s by direct and indirect culturM methods. 2qeither fungal pathogen was isolated from the soil samples. Fresh feces samples were collected from the two aviaries where C. neo/ormans had been isolated in dried feces. Tests for the presence of C. neoformans were made by direct culture methods, however the organism was not isolated.
INTRODUCTION
The pathogenic fungi, Cryptococcus neo/ormam and Histoplasma capsulatum, exist primarily as saprophytes in nature where they have been discovered most often around avian habitats. Animals, including man, become infected by inhaling spore-contaminated air 1, I~, 1~
C. neo/ormans diesplays a marked affinity for pigeon excreta, and has been isolated in and near chicken houses 1/3. capsulatum has been recovered from soil enriched with droppings from chickens, grackles, oil birds, pigeons, and starlings 2, 20, 21 Association of these fungi with other avian species is open to further investigation.
A zoological park offers an unique opportunity to study the habitats of several avian species for the presence of C. neo/ormans and H. capsulatum. Considerable public health significance might be involved if the organisms were recovered from zoo aviaries.
Therefore, a survey was conducted to determine if C. neo/ormans or H. capsulatum were present in a zoo's aviaries, and to study the possible association of the organisms with other avian species.
MATERIALS AND METHODS

Sample collection site
Samples of bird feces and soil were collected from indoor and outdoor aviaries at the Topeka Zoological Park, Topeka, Kansas. The zoo is on the western border of an area considered highly endemic for histoplasmosis 10, 15 The zoo houses 87 species or subspecies of birds totaling 262 individual specimens (1968 Annual Report, Topeka Zoological Park). Most of the samples were collected from aviaries containing only one bird species.
Most indoor aviaries are constructed with a glass front, wooden walls, a cement floor covered with sand, and screen wire tops. Access to the inside of an aviary is through a door in the rear wall. Tree limbs and stumps are arranged in the aviaries to provide perches. All the outdoor aviaries are large screenwire enclosures with sod floors. Bird species that spend all or most of their lives on the ground are provided a shelter house adjoining their outdoor enclosures.
Sample collections
Samples of dried bird feces were collected from six indoor and eight outdoor aviaries. Dried accumulations of feces on perches or in nesting boxes were scraped into plastic bags 1) by using sterile tongue depressors, or a knife cleaned in 95 % ethyl alcohol. Approximately four grams of dried feces were collected per sample.
Fourteen soil samples were collected including twelve from outdoor aviaries, one from under a tree where starlings roost, and one composited from several areas of the zoo away from the aviaries. Soil samples were collected into sterile 1 quart Mason's jars using empty sterilized tin cans as scoops. A sample was the composite soil collected 3 inches deep from several places in an aviary, including areas under roosts.
Fresh fecal samples were collected from two indoor aviaries. Each fecal sample was collected on two sterile cotton swabs and placed in a screw-cap test tube (25 × 150 mm) containing 20 ml of sterile diluent (0.5 % peptone in distilled water with chloramphenicol 0.05 mg/ml).
Mycological examination of dried feces
Dried feces samples were examined for the presence of C. neo-/ormans. A 4-gram portion of each sample was weighed on sterile paper and placed in a screw-cap test tube containing 36 ml of sterile distilled water. The tube was shaken 5 minutes on a mechanical shaker with a 1 ~ inch stroke at 260 rpm. A 10 -1 dilution was made 1) "Whirl-pak" bags, Scientific Products, Evanston, Ill. 60201 by pipetting 1 ml of the suspension into a test tube containing 9 ml of sterile distilled water. The susperision and 10 -I dilution were inoculated on media by streaking 0.1 ml aliquots of each on two plates of diphenyl agar 16 and two screw-cap tube slants (25× 150 mm) of modified Littman oxgall agar 4 with 0.05 mg/ml ot chloramphenicol. All plates and tubes were incubated at 37 ° C and examined daily for 21 days. Yeast-like colonies that turned brown were examined microscopically on slide mounts stained with lactophenol cotton blue and with India ink. Colonies also were subculcultured on Sabouraud dextrose agar slants incubated at 25 ° C and diphenyl agar plates incubated at 37 ° C. Subcultures that grew on Sabouraud dextrose agar as creamy-white, yeast-like colonies without mycelial development were further subcultured on urea agar at 37 ° C. When a colony caused urease to form in urea agar, indicated by the agar turning pink, a final test to identify C. neo/ormans was performed. The colony grown on Sabouraud dextrose agar was suspended in saline and 0.1 ml injected intracranially into each of two albino Swiss mice, which were sacrificed 14 days later. Brain tissue was stained on glass slides with India ink and viewed microscopically for C. neo/ormans.
A positive control sample was made by removing C. neo/ormans cells from a known culture and suspending them in a test tube containing 36 ml of distilled water. The control sample was tested in the same manner as the suspensions of dried feces samples.
Mycological examination of soil samples
Soil samples were examined for the presence of C. neo/ormans and H. capsulatum by using direct and indirect methods of isolation.
A soil sample was mixed by manually shaking the sample container. A 10-gram portion of soil was weighed on sterile paper and placed in a screw-top jar containing 160 ml of sterile distilledwater. After being mechanically shaken in the jar for 5 minutes, the soil suspension was poured through sterilized brass strainer-cloth (60 mesh) 1) shaped into a cone and mounted in a Seitz filter apparatus attached to a vacuum pump. The filtrate, free of large soil particles and other debris, was poured into a sterilized glass Waring-blendor container and blended for one minute to reduce soil particle size. The blended suspension was distributed in 4 sterile screw-cap tubes and centrifuged at 400 g for 15 minutes. The supernatant fluid was poured off and the soil resuspended in 20 ml of sterile physiological saline solution (PSS) containing 10,000 units of penicillin per ml, 2 mg of streptomycin per ml, and 10 micrograms of polymyxin B per ml. Resuspension was accomplished by suspending the soil in one centrifuged tube, pouring the suspension into another centrifuged tube, and repeating until all the soil was suspended in the fourth centrifuged tube, which was held at 37 ° C for 2 hours then used for direct and indirect isolation techniques.
Direct isolation attempts entailed making 10 -1 and 10 .3 dilutions of the soil suspension in tubes containing 9 ml of sterile PSS. The soil suspension and two dilutions were inoculated on culture media, snbcultured, and examined microscopically by the techniques described under "Mycological examination of dried feces".
Indirect isolation procedures were begun by iniecting 1.0 ml of the soil sample suspension intraperitoneally into each of 4 albino Swiss mice. Mice that died during the first week after injection were discarded, but mice that died later were held in a freezer at -17 ° C for later examination. If fewer than two mice survived the first 7 days, the sample group was reestablished by injecting 3 more mice IP with 0.8 ml of a 1:4 dilution of the original inoculum in PSS (with antibiotics).
Mice in a sample group were sacrificed 4 weeks after injection and necropsied. Portions of their livers and spleens were liquified in sterile tissue grinders containing 1.0 ml of sterile PSS. One-tenth ml aliquots of liquified tissue were inoculated on 3 slants of each of these media: Sabouraud dextrose agar with chloramptlenicol (0.05 mg]ml and cycloheximide(0.5 mgtml)) added and brain heart infusion agar containing the same antibiotics. The media were incubated at 25 ° C for ¢ weeks and examined weekly for growth of H. capsulatum by studying teased slide mounts of mycelial growth stained with lactophenol cotton blue stain.
Pieces of liver and spleen from each mouse were smeared on glass slides and then placed in a 10 ~o aqueous formalin solution. Slide smears were stained with Giemsa stain and examined microscopically. The formalin-fixed tissues were stained by the MCMANUS periodic-acid-ScHIFF method and prepared pathological examination. A brain smear was made from each mouse and stained with India ink. The smear was immediately viewed microscopically for C.
ngo/o~ma~s.
A soil sample containing H. capsulatum was obtained from the Soil Ecology Unit, Center for Disease Control, Kansas City, Kansas, and used as a positive control for the soil testing system.
Mycological examination of fresh feces
Examination of samples for C. neo/ormans began 3 hours after collection. A 10 -1 dilution of the swab sample suspension was made in a test tube containing 9.0 ml of sterile diluent (0.5 ~o peptone in distilled water). Inoculation of media, snbculturing, and microscopic examination followed the procedures detailed under "Mycological examination of dried feces".
A positive control sample was made by suspending a loop of C.
neo/ormans cells in 9.0 ml of sterile diluent. The control was tested the same as the other samples.
RESULTS
Dried feces samples
Results in Table I Table 1I shows that C. neo/ormans and H. capsulatum were not isolated from any soil sample. However, H. capsulatum was isolated from a positive control sample, Control 1, indicating that the soil suspension technique and indirect isolation procedures were a reliable isolation system. The direct isolation procedure was not successful even though Control 2 results indicated that H. capsulaturn would grow on the media used. 14 found that the spores adhere to soil particles, so they modified EMMONS' method by injecting mice with the unsettled soil suspension. A method described by KLITE et al. 11 involved filtering the soil suspension to remove large soil particles so the small-gage needles used for mouse iniection would not become plugged. Their final filtration step was through a millipore filter to discard the PSS used for soil suspension along with any toxins washed from the soil. However, they discovered by control sample studies that about 70 ~o of the fungal spores were lost during filtration. SMITH & FUI~COLOW 17 reported a method that included blending soil suspensions in a blendor to reduce soil particle size. Our soil suspension technique was a modification of the methods just mentioned. Soil was suspended in sterile distilled water; filtered once to remove large particles and debris; blended to reduce the particle size; and centrifuged so the supernatant fluid could be discarded and replaced with PSS-containing antibiotics. Polymyxin B was included with the penicillin and streptomycin because SMITH & FURCOLOW ~7 reported that it reduced the number of mice dying from bacterial infection.
Soil samples
The two aviaries with dried feces positive for C. neo/ormans were in the same building, but not near each other. Fecal droppings had accumulated on perches in the Toucan aviary for 1 ~ years, and in the Hornbill aviary for 5 years. Most of the feces drops onto the sand covered floors and is removed daily. Periodic disinfection of the inside aviaries is attempted by brushing on a disinfectant solution. Zoo personnel were directed to an article by WALTER & COFFEE 18 which relates a method to control C. neo/ormans in pigeon coops by alkalinization. C. neo/ormans is commonly isolated from dried pigeon feces and considered cosmopolitan in occurrence, thus the public health significance in finding this fungus in a zoo's aviaries is difficult to determine. The exact public health impact of exposure to pigeon feces remains unclear. The greatest hazard must be to the zoo attendants who have close daily contact with the birds and their habitats. This survey reveals other possible sources of C. neo/ormans and associates it with two more bird species.
Topeka, Kansas, is in a histoplasmosis endemic area of the United
States. Just before this survey H. Capsulatum was isolated from soil collected in a wooded section of the city where starlings had roosted for several years. 22 Thus, with H. capsulatum known to be present in the area, failure to isolate tile fungus from the zoo aviaries supports an assumption that H. caiSsulatum is not associated with the avian species confined in those aviaries.
